INTRODUCTION
Positive correlation between the dose of applied nutrients and their content in soil is determined in a standard manner. However, the relation between the dose of nutrients and their content in a mobile form in the soil can be not only positive, but also negative. Its evidence is determined by the selection of fertilizer, i.e. if the organic or inorganic fertilizer is utilized, or if we apply the fertilizer which increases biological or chemical sorption of nutrients or the fertilizer increasing the mobility of nutrients.
From the viewpoint of achieving high yields the total content of nutrients is not decisive but the content of nutrients in mobile or potentially mobile form is important [Havlin et al. 2004] . The content of mobile nutrients in soil is influ-enced by soil cultivation [Rembon and MacKenzie 1997] , application doses of fertilizers [Reid 2002 ], selection of applied fertilizers and soil supplementary substances [Kjønaas 1999 ; Kováčik and Wiśniowska-Kielian 2009], irrigation [Misra et al. 2010 ], weather [Freckleton et al. 1999 ], use of pesticides [Števlíková et al. 2000 ], crop rotation [Conti et al. 1998 ; Lehmann et al. 1988 ], nutrients requirements of cultivated plants [Marschner 2005 ], dry and wet deposition [Tlustoš et al. 1999; Lacko-Bartošová et al. 2005 ], adjustment of soil reaction [Chang a Sung 2004] and by many other factors. One of them is also the quality of the applied organic fertilizers. The quality depends on the methods of manure fermentation. In Slovakia the unsatisfactory research attention is paid to the problems of manure fermentation in comparison to the neighbouring countries. The reason is also the fact that the production of farm manure has been falling for more than 20 years. The deficiency of organic fertilizers (cattle manure, pig manure, etc.) caused that the number of applications of low quality organic fertilizers in Slovakia has been increasing, in addition, in unsuitable periods and dosage, which leads to the negative influence on the yield and its quality as well as on the environment [Kováčik et al. 2010] .
The objective of the experiment was to determine the impact of dry pig manure produced on the sawdust bedding and subsequently fermented for 7 days by larvae of housefly and fresh spruce sawdust on the contents of the available nutrients in soil and the yield of sugar beet roots.
MATERIAL AND METHODS
The pot trial was carried out at Slovak University of Agriculture in Nitra (48°18´ S, 18°06´ V) in the period of two years. In the first year the experiment started in October and in the second year in November. In the given months 23.5 kg of soil was put into the pots of 0.38 m height and diameter of 0.38 m. The soil was taken from the upper 0.0-0.3 m humus horizon Haplic Luvisol. In the process of soil weighing the tested organic fertilizers were applied into soil, what resulted in their equal mixture in the whole pot. After weighing the pots with soil were placed at dishes which were able to collect 1000 ml of the overflown soil solution in the period of precipitation. Agrochemical parametres of the used soil are shown in Table  1 . The pig manure used in the experiment was fermented by larvae of housefly (Musca domestica) for 7 days. The manure was produced in the following way: the fresh manure taken from under nursing sow littered by spruce sawdust was placed at shelves evenly to the heigh of 0.2 m in the fermentation halls. The eggs of the housefly, which were obtained by breeding flies, were placed into the manure. The brooded larvae were processing manure for 7 days. Afterwards, they pupated. Immediately before the pupation the temperature increased slightly in the fermentation halls which led to the pupation on the manure surface. This enabled to collect most of the pupas. The pupas collection was not necessary from the aspect of manure production, however, it made the manure formation more effective. The humidity of the manure produced in this way was 30-40%. Afterwards, the manure was dried to 88.63% dry matter and ground. The principal chemical composition and nutrient contents of manure fermented by housefly larvae are given in Table 1 .
In the experiment the same sawdust was used as it was added to the bedding in pig breeding (Norway spruce sawdust -Picea abies). The principal agrochemical parametres of sawdust are stated in Table 1 . Table 2 shows the ratio between the total carbon content and the total nutrients contents in the organic materials.
The experiment was established with quadruple repetitions and it had 5 treatments ( 2) is a half dose of the treatment 3. The sawdust doses were selected so that they put the same quantity of the organic substance into soil as the used manure did. The identical quantity of the organic substances was put into soil by the dose 3.4 t•ha -1 of sawdust (tr. 4) as by the dose 4 t•ha -1 of manure, or the same quantity of the organic substances was put into soil by the dose 6.8 t•ha -1 of sawdust (tr. 5) as by 8 t•ha -1 of manure. The contents of accessible nutrients in soil were probed in two periods: after one month and after 4 months from the foundation of experiments. The contents of the following accessible [Kováčik 1997 ]. The accessible phosphorus, potassium, calcium and magnesium were determined according to the methodical procedure Mehlich III [Mehlich 1984 ]; P -spectrophotometrically, K and Ca -by flame photometry, Mg -by atomic absorbefacient spectrophotometry. The content of the total nitrogen was set by distilling after the minetralization of strong H 2 SO 4 [Kjeldahl method]. The contents of P t , K t , Ca t , Mg t were determined after mineralization with the utilization of HNO 3 and HClO 4 ; P -spectrophotometrically, K and Ca -by flame photometry, Mg -by atomic absorbefacient spectrophotometry [Koppová et al. 1955] . The content of the total carbon was set oxidometrically [Ťjurin 1966] , the content of the organic substances gravimetrically (550 o C), pH/KCl -potentiometrically (1.0 mol•dm -3 KCl). Sugar beet sowing was carried out in the first decade of April in both years of the experiment. After sowing 6 seeds of the cultivar Antek, the soil surface was covered up evenly with 0.5 kg of siliceous sand. By the end of June the number of plants was 3 individuals, which remained until the end of the growing season. The experiment was completed in the second decade of October. The yield of sugar beet roots was determined by weighing. The acquired results were processed by mathematical and statistical method, by analysis of variance and linear regression analysis using Statgraphics PC program, version 5.0.
RESULTS AND DISCUSSION
The impact of the organic fertilizers on the contents of the accessible nutrients in soil was evident one month after their application into soil ( Table 4 ). The maximum contents of N an , accessible P, K, Ca and Mg were found evidential statistically in the control treatment. The detected data point out the inhibitive impact of the dry pig manure produced on the sawdust bedding and spruce sawdust on the mobility of all nutrients detected in the soil. The immobilization of nutrients was increasing with the growing dosage of manure and sawdust, the contents of the available nutrients in soil were decreasing. The sawdust litter inhibited nutrients in soil more considerable in comparison to the tested pig manure produced on the sawdust bedding. After the application of both tested organic substances regardless their application dose, the contents of the inorganic nitrogen were lowered most considerably. After the manure application the decreases of N an varied in the interval from 6.08% to 18.79% and after the sawdust application they varied from 29.97% to 59.73% (Table 5 ). It is evident that one month after the sawdust application in the doses, which put the same quantity of organic substances as the farm fertilizers, cca 30 -60% decrease of inorganic nitrogen content in soil is expected, which is a considerable descent. This kind of drop can be assessed as both positive and negative phenomenon [Kováčik 2013 ]. It can be assessed positively if the decrease occurs out of the growing season because it reduces considerably the nitrogen losses by leaching. The decrease is evaluated negatively if it is present during the growing sea- The decreases of accessible nutrients contents in soil after the sawdust application were expected because spruce sawdust contains low amount of total nutrients in relationship to the content of total carbon ( Table 2 ). The rate C : N was higher than 30 : 1, which is the threshold value of the rate indicating immobilization N [Fotyma et al. 1987] and it achieved the value up to 632 : 1. Similarly, the rates C : P, but also C : S were higher than 300 : 1 and they proved unambiguously the biological sorption (immobilization) of phosphorus and sulphur. In the treatment 5, where the highest dose of sawdust (6.8 t•ha -1 ) was applied, there the lowest contents of the accessible nutrients were recorded out of all treatments of the experiment. The differences in contents of the accessible nutrients were statistically significant between the treatment 4, where 3.4 t•ha -1 of sawdust was applied, and the treatment 5 where the double dose of sawdust was applied ( Table 4 ). The double dose of sawdust did not increase the nutrient immobilization in soil twice more intensively in comparison to the basic sawdust dose (Table 5 and 6) . The recorded inhibitive impact of sawdust on nutrients was in accordance with knowledge of Čvančara [1964] and Kováčik et al. [2001] .
The decreases of accessible nutrients' contents in soil were not expected after the application of dry pig manure produced on sawdust bedding (Table 4) . Their recording was surprising as the rates of carbon to the content of total nutrients (C : N t , or C : P t and the like) in manure created the prerequisite for the fast mineralization of manure and the consequent increase of the contents of accessible nutrients forms in soil ( Table 2 ). The decrease of the available nutrients contents in soil was statistically significant with the application dose 8 t•ha -1 of manure (tr. 3) in both years of experiment related to all five studied nutrients. The decreases of contents of the studied macroelements -apart from phosphorus -with the half (Table 4) . The reason for recording the decrease of the accessible nutrients quantity in soil one month after the manure application was not the biological sorption. The rates of carbon to nutrients N, P, K, Ca and Mg were low. We assume that the reason was the chemical sorption increased temporarily. Its probable reason was the assumed increased quantity of the reactive organic groups in manure caused by the non-standard technology of manure production (fermentation by larvae of housefly. [1988] first found out the decrease of inorganic nitrogen contents in soil after ploughing in manure and later their increase. Table 7 shows the data related to the transience of decrease of the accessible nutrients contents in soil after the application of manure fermented by larvae of housefly. It is obvious that all determined nutrients contents in soil were statistically significantly higher four months after ploughing in manure, comparing to the contents in the control, unfertilized treatment, apart from Mg content in 2010 (tr. 2). The increased application dose of manure (tr. 3 versus tr. 2) was reflected as statistically significant higher content N an , accessible P, K, Mg and also Ca in 2010. The learnt data point out the fact that the autumn application of the tested manure in the experiment does not cause shock because of the nutrient deficiency for the crops sown in spring or planted later. On the contrary, it leads to the increase of contents statistically significantly.
The transitoriness of the immobilization effect was evident not only after the manure application but also after the sawdust application (Table 7) . In 2010 the content of the accessible nutrients was the same or higher with all the elements in comparison to the control treatment four months after the foundation of the experiment (tr. 4 a 5 versus tr. 1). On the contrary, in 2011 the contents of N an , accessible K, Mg and partially also P were lower than the contents of the given elements in the control treatment. These facts proved that what determines the decay and synthesis processes in soil is not only the quality of the used organic substances, which are given by the rate of carbon to nutrients (C : N, C : P, etc.), but also the cultivating year (weather de- Table 6 Impact of double dose of sawdust on contents of available nutrients in soil expressed in relative percentage (one month after the experiment foundation).
Table 7
Impact of experiment treatments on the selected soil parametres (four months from the experiment foundation, 3rd March 2010 and 30th March 2011 -100% dry matter)
No. -number, des. -designation, M -manure, S -sawdust, LSD 0,05 -limit of significant difference at the level a = 0.05 (LSD test), different letter behind a numerical value respond to the statistically significant difference at the level 95.0% 
The more organic substances with the low nutrient contents are put into soil the longer the process of immobilization is. In order to prevent the deficit of mobile nutrients in soil it is needed to apply the fertilizers containing significant quantities of organic substances ahead of time before the plant sowing. Kováčik [2013] recommends to apply the high quality manure at least 6 weeks before the plant sowing and the low quality manure at least 3 or 4 months before sowing. The achieved results show that the sawdust should be applied more than 4 months ahead of time before plant sowing. This usage of sawdust enables the producer to save money for the nitrogen and other nutrients purchase. These nutrients are not leached out from soil due to immobilization. The sawdust application creates the prerequisite for sufficient access of nutrients to the cultivated plants. In case of the sawdust usage in the short period before plant sowing not only the evidence of insufficiency of several nutrients can be expected but also lower yields. The differences in the sawdust impact on the contents of mobile nutrients in soil -recorded between 2010 and 2011 -were also evident in the yield of sugar beet roots (Table 8 ). In 2011 -the year when the process of immobilization of N, K, Mg and partially P appeared even before the sugar beet sowing (Table 7) -lower yields by 31.3 and 35.8% were recorded in the treatments 4 and 5 in comparison to the control treatment (Table  8) . On the contrary, in 2010 -the year when the increase of the accessible nutrients content in soil was monitored in the pre-sowing period of beet in the treatments 4 and 5 -there in the treatment 4 48.46% increase of yield was achieved and in treatment 5 there was a yield decrease. The drop was insignificant and it did not reach 5%. The results affirm that in order to prevent the negative impact of sawdust application on the yield of cultivated crop it is important either to apply nitrogen with sawdust in a form of artificial fertilizers, or to carry out nitrogen fertilizing before the plant sowing itself. The same results were confirmed by Jančich et al. [2012] .
The impact of the tested pig manure fermented by larvae of housefly on the yield of sugar beet roots was statistically significantly positive in each year. As a result of manure application in the dose of 4 t•ha -1 the yield of beet roots increased from 70.7 to 75.4%. The double dose of manure increased the yield of roots from 143.7 to 220.8%. In the experiments of Kováčik et al.
[2010] the differences in the yield of sunflower achenes were not significant between the application doses 4 t•ha -1 and 8 t•ha -1 of pig manure fermented by larvae of housefly.
The recorded unambiguously positive impact of the dry pig manure produced on the sawdust bedding by the fermentation of housefly larvae on the yield of sugar beet roots opposes to the opinion of Lacko-Bartošová et al. [2005] , who claim that the types of manure produced on the sawdust bedding require fermentation taking the period of six months.
On average of both years the lowest root yields were detected in the treatment with the double dose of sawdust (tr. 5). Sawdust impact on root yield with both application doses was not statistically significant on average in both years of the experiment. On the contrary, the impact of the dry pig manure produced on the sawdust bedding and fermented only during seven days by larvae of housefly was significant. The manure utilization increased the yield of sugar beet roots significantly. Higher application dose of manure resulted in higher root yield. The yields increases Table 9 Dependence between the yield of sugar beet roots and content of mobile nutrients in soil determined before beet sowing expressed by correlation coefficient r varied about 73% (tr. 2), or 172% (tr. 3). The statistically significant correlations (Table 9) were determined between the roots yield and the content of mobile nutrients in soil set before the beet sowing. These facts prove the findings of several authors [Dowdel et al. 1983; Bízik 1989; Kováčik 2009 ] that the most important is N an specified in the pre-sowing period for the calculation of the nitrogenic fertilizers dosage.
CONCLUSION
One month after the sawdust application and manure application, which was produced on the sawdust bedding, the contents of mobile nutrients (N an , P, K, Ca, Mg) in soil were lower than in the control unfertilized treatment. The most distinctive drop was that of inorganic nitrogen. N an contents decreased by 29.97% even 59.73% after the sawdust application and by 6.08% even 18.79% after the manure application. The sawdust immobilized nutrients more significantly than manure. With the growth of manure and sawdust doses the immobilization of nutrients was increased.
Four months after application of manure in soil its immobilization effect was not present. On the contrary, manure increased the content of mobile nutrients (N, K, Ca, Mg) in soil. In the second year of the experimenmt the immobilization effect of sawdust was evident even 4 months after its ploughing in soil.
There was an evident correlation between the content of the accessible nutrients in soil (N an , P, K, Mg), determined before beet sowing and the yield of beet roots.
Manure application increased significantly the yield of beet roots. The highest root yield was found in the treatment with the highest manure application. The lowest root yield was observed in the treatment with the highest dose of sawdust application.
Sawdust application is recommended to be used four months ahead of time of plant sowing. In the case of sawdust application in soil, it is needed to fertilize by nitrogen before sowing itself. The application of manure produced at the sawdust bedding should be carried out four months before the plant sowing. In the experiment of the tested manure the autumn application does not cause shock from nutrients insufficiency to the plants sown in spring or to the planted crops. On the contrary, this kind of application leads to the statistically significant increase of nutrients' contents.
From the viewpoint of plant cultivation it is necessary to reappraise the opinions stating the need of six months for the fermentation of manure produced at the sawdust bedding. 
